Details on X-ray diffraction
Measurement was carried out at ambient temperature on a "PANalytical X'Pert PRO MPD" diffractometer equipped with a "PIXcel" detector using nickel-filtered Cu-Kα radiation (λ1 = 1.54056 Å, λ2 = 1.54439 Å, I2/I1 = 0.5) in Bragg-Brentano (θ-θ) geometry. Initial Le-Bail fits and following calculations were carried out using JANA2006. 1 Peak profiles were fitted with a pseudo-Voigt function using the Thompson-Cox-Hastings approach (Gaussian parameters U, V, and W; Lorentzian parameter X). 2 Asymmetry was corrected for using the Bérar-Baldinozzi method with four parameters. 3 Displacement and transparency corrections were refined. The background was modelled using 15 Legendre polynomials between manually defined points. A scale factor and two parameters for roughness correction according to Pitschke, Hermann, and Mattern were employed. 4 Atomic displacements were refined with an isotropic model.
Fig
. S1 X-ray diffractogram of Na0.5TiS2-3R1 with results of Rietveld refinement (Rp = 0.0363, wRp = 0.0621, Rexp = 0.0186, RF = 0.0428, RI = 0.0660). Red: calculated, black: observed, blue: difference density; green: Bragg positions.
Fig. S2
Comparison of the X-ray diffractograms simulated for Na0.55TiS2-3R1 in R3m (model from literature) and R3m (symmetrized by slightly adjusting atomic positions with disordered sodium position) with λ = 1.54056 Å (Cu-Kα1) and f = 0.25° (Gaussian profile).
Fig. S3
X-ray diffractogram of "Na0.9TiS2-2H" with results of Le-Bail fit (Rp = 0.0408, wRp = 0.0828). Red: calculated, black: observed, blue: difference density; green: Bragg positions. Insets show details of the lowangle regime. The high relative intensity of the first reflection indicates a strongly preferred orientation along (001). The low overall quality of the fit is due to the neglect of reflections (e.g., a prominent shoulder at ca. 12.4°) or their features (e.g., splitting at ca. 30.5, 32.5, 35.5, and 39.5° ). 
Details on neutron diffraction

Fig. S9
Crystal structure of Na0.5TiS2-3R1 at 18, 300, 600, and 700 °C (from left to right) according to neutron diffraction. Atoms as ellipsoids of 75% probability (harmonic displacement only); grey: titanium, blue: sodium, yellow: sulphide ions; unit cell in black.
